Introduction The aim of this study was to compare the clinical outcomes of standard drug therapy and endovascular intervention for cerebral watershed infarction (WSI) due to severe stenosis of the middle cerebral artery.Methods 86 patients with WSI due to severe stenosis of middle cerebral artery were included 46 endovascular intervention patients and 40 standard drug patients. Clinical data were collected at the time of admission, discharge, and the 90-day return to the hospital for review.
further verify the efficacy and safety of intravascular intervention, Zhongrong et al.
conducted a study of intracranial artery stenosis in China. This Chinese study showed that the mortality rate within 30 days was only 4.3% (13/300 cases), which was lower than that of the SAMMPRIS study (4) . Therefore, this study demonstrated that it is safe and feasible to conduct intracranial artery interventional therapy by experienced surgeons by strictly selecting appropriate patients. However, even if the probability of complications is not as high as previously expected, endovascular intervention for severe atherosclerotic stenosis of intracranial arteries is still a highrisk operation, and we should focus on the long-term benefits and clinical prognosis of patients receiving this intervention. Considering the differences of race, geographical location, skill and experience of surgeons at different medical centers, and the rapid progress of scaffold materials and other factors, we planned to set strict criteria for enrollment and to screen patients suitable for intracranial vascular interventional therapy. We focused on observing the clinical prognosis of patients -such as cognitive function, language ability, limb function-in order to obtain more objective experimental results in this retrospective follow-up study.
Cerebral watershed infarction(WSI) means ischemic lesions between two nonanastomosing main arterial territories. Cerebral watershed infarction(WSI) can be divided into three types: cortical watershed infarction(CWI; or external watershed infarction)
,internal watershed infarction(IWI; or subcortical watershed infarction),and mixed-type (5) .Internal watershed infarctions(IWI) were included in this study. Internal watershed infarctions(IWI) often involves severe stenosis or occlusion of one or more intracranial arteryespecially the middle cerebral artery in china. The blood perfusion of IWI in watershed area is relatively weak, may reduce the risk of high perfusion and brain hemorrhage after endovascular intervention and the watershed area is more likely to form infarct penumbra, which may lead to more functional recovery of brain cells and improve the prognosis after endovascular intervention (6) .Therefore we selected internal watershed infarction(IWI) with severe middle cerebral artery stenosis t o compare the clinical outcomes of standard drug therapy and endovascular intervention. patients and methods
Patients
We retrospectively collected clinical data of patients with i n t e r n a l watershed infarction at Zhujiang Hospital of Southern Medical University from January 1, 2012, to June 30, 2018. All patients were required to complete routine angiography, magnetic resonance(MRI) and cerebral blood perfusion imaging(CTP).
The degree of the stenosis of the middle cerebral artery was measured by digital subtraction angiography(DSA).
The inclusion criteria were as follows:(1)18-85 years old;(2)symptomatic middle cerebral artery stenosis (70-99%);(3)MRI imaging showed i n t e r n a l watershed infarction, determined by two neurologists with more than 5 years of experience;
and(4)no new ischemic events occurred within 1 week.
The exclusion criteria were as follows:(1) Vasculitis, muscle fiber dysplasia, and other non-atherosclerotic stenosis;(2)dementia had been clearly diagnosed in the past(3) a known bleeding predisposition;(4)mRS ≥3;and (5)MORI type-C lesions;
Patients were divided into groups A and B (A: endovascular intervention group; B: standard drug group) according to the principle of voluntary selection of follow-up treatment options .Demographic and clinical characteristics of the two groups   -including age, gender, hypertension, hyperlipidemia, diabetes mellitus, coronary heart disease, smoking, and drinking-were collected. All patients at admission, discharge, and three months after discharge were measured for their scores on t h e NIHSS, mRS, and MOCA. Appropriate stents were used accroding to vascular conditions and responsible lesions in all endovascular intervention groups.
Intervention Protocols
Patients in standard drug group took aspirin (100 mg) and clopidogrel (75 mg) daily for three months and adjusted to either after three months. Patients in endovascular intervention group were chosen for appropriate stenting and took aspirin and clopidogrel dual anti-platelet aggregating drugs for six months after surgery, and then adjusted to aspirin or clopidogrel treatment after six months. Atorvastatin calcium was additionally given at 20 mg QD in two groups. Intracranial middle cerebral artery stent implantation was performed under local anesthesia by two experienced neuro interventionists. First, an 8F arterial sheath was punctured into the femoral artery using the Seldinger technique. The catheter was placed into the cranial segment, angiography was performed to reevaluate the stenosis rate of the stenosis vessel length and diameter, and the microcatheter and micro guide wire were passed through the stenosis lesions under the path map. After the removal of the micro guide wire, microcatheter angiography confirmed that the microcatheter was located in the true vascular lumen. Then, the guidewire was exchanged, and the lesion site was expanded by the gateway balloon. Finally, appropriate stents were selected according to the characteristics of the lesions during the periprocedural period. Atropine and dopamine were used if patients underwent descent of heart rate or blood pressure. Systolic pressure was controlled to be at the level of about 80-90% of pre-endovascular treatment.
Clinical Evaluation and Follow-Up
All patients were advised to come back and see their doctor three months after discharge to check for the recurrence of cerebral infarction or cerebral hemorrhage.
The clinical data-such as the occurrence of a second stroke, NHISS score, mRS score, MOCA scoreCT perfusion parameters-were collected at admission, discharge, and three months after discharge. Periprocedural complications were documented, including any periprocedural ischemic stroke, hyper perfusion syndrome, cerebral hemorrhage, or death within 90 days after endovascular intervention.
Statistical Analysis
SPSS20.0 software was used to analyze the data. The measurement data are presented as m e a n ± SD. The means of NIHSS, mRS, and MOCA scores in the two groups were compared by two independent sample t tests. Post-treatment NIHSS scores were compared by two-paired t tests. Age, g e n d e r , hypertension, hyperlipidemia, diabetes m e l l i t u s , coronary heart disease, smoking, and alcohol abuse in the two groups were assessed using chisquare statistics. A P value of less than 0.05 was considered statistically significant. 
Functional Outcomes
Figure2. NIHSS score at different periods in the two groups.
Figure3
. mRS score at different periods in the two groups.
Figure4
. MOCA score at different periods in the two groups.
There was no statistically significant difference in the NIHSS scores in standard drug group between admission and discharge (P = 0.526). However, the NIHSS scores reviewed after 90 days in standard drug group showed a significant improvement trend, and the comparison between the reviewed NIHSS scores and the discharged NIHSS scores was statistically significant (P < 0.001). In endovascular intervention group, the NIHSS scores on admission, discharge, and review at 90 days were all statistically significant (P < 0.001). The NIHSS score 90 days after discharge was used to compare whether there was a difference between endovascular intervention group and standard drug group (P = 0.028). The mRS score after three months of treatment was slightly improved compared with that at the time of admission in both groups. For further subdivided comparison between the two groups, the mRS score after three months of reexamination between endovascular intervention group and standard drug group showed statistical significance (P = 0.01). The MOCA score of patients in the two groups was generally low at admission. There was a statistically significant difference in the MOCA score between admission and 90 days after treatment in the two groups (endovascular intervention group: P < 0.001; standard drug group: P = 0.005). The difference in the preoperative MOCA score of the two groups was not statistically significant (P = 0.352), but the MOCA score three months after discharge showed a statistically significant difference (P = 0.006;Figure4). discussion Cerebral watershed infarction(WSI),ischemic lesions between two non-anastomosing main arterial territories, accounts for about 10% of all cerebral infarction patients (7) . WSI can be divided into three types: cortical watershed infarction(CWI;
or external watershed infarction), internal watershed infarction(IWI; or subcortical watershed infarction), and mixed-type. The disease is caused by micro emboli, low blood perfusion, or a combination of hemodynamic abnormalities. Distinct from cerebrovascular disease caused by perforator vessel disease, WSI is a common disease due to severe arterial stenosis and poor collateral circulation. Among them, IWI is often indicated severe intracranial vascular stenosis or hemodynamic abnormalities [8] . Currently, drug intensive therapy is still the preferred treatment for intracranial atherosclerotic stenosis. In patients with severe intracranial artery stenosis accompanied by low perfusion, stenting can reduce the risk of stroke recurrence (10) . However, SIMMPRIS considered that intracranial stent treatment had a high incidence of complications, as well as no greater benefit compared to that of drug treatment alone. In DEFUSES,DAWNS studies and our clinical observation ,PWI-DWI of cranial MRI have shown that when the core infarction lesion is significantly mismatched with the hypoperfusion area, stenting can greatly improve the clinical neurological defects of patients (11) .Therefore, when patients have insufficient collateral circulation compensation due to severe intracranial artery stenosis, and intracranial imaging shows only small lesions but a large area of low perfusion, the effect of blood flow recanalization should be equivalent to or prior to thrombectomy. In our present research, we verified the feasibility of this theory by preoperative CTP examination in the low-perfusion area a n d showed that two groups of patients had longer TTP a n d MTT on the lesion side than that on the healthy side, while CBV a n d C B F were reduced. The endovascular intervention group had significantly improved CBF/CBV, and shortened TTP/MTT, which were shown in the postoperative review of CTP. However, for the patients in standard drug group, the CTP perfusion coefficient was basically the same as that at the time of admission. The data in Figure 1 and Table 1demonstrate that angioplasty could improve and reverse the low-perfusion state of the cerebral hemisphere.
We compared and analyzed NIHSS score and mRS score of endovascular intervention group and standard drug group at the 90-day review and found that the clinical prognosis of patients in endovascular intervention group was better than that in standard drug group. This result relates to the fact that the ischemic penumbra was quickly saved in endovascular intervention group after the change of hypoperfusion status. Second, cerebral edema is an important pathophysiological process of cerebral ischemia reperfusion injury. Jie et al. (12) found that cerebral tissue edema was obvious after ischemia for 60 min and reperfusion for 48 h. At the same time, the expression of matrix metalloproteinase-2 and -9 increased and the expression of tight-junction proteins decreased. Oxidative stress induced by free radicals also plays an important role(13).
Epidemiological investigational data show that about 30% of stroke patients will develop dementia within one year after the occurrence of stroke events (14) . can be used to screen for cognitive impairment in patients with acute stroke, which is more sensitive than Mini-mental State Examination(MMSE). Similarly, MOCA has been shown to be a sensitive assessment tool in the assessment of cognitive impairment caused by carotid artery stenosis (19) . Based on previous work, we used the MOCA scale to evaluate the cognitive function of patients with cerebral infarction. In the present study, patients in endovascular intervention group generally had a promising prognosis, including improvement of intelligence .Currently, the commonly recognized mechanisms mainly involve cerebral micro e m b o l i and cerebral hypoperfusion, which can lead to resting cerebral infarction, white matter lesions, and other brain tissue damage (20) . However, there are some other studies with conflicting findings. After 334 patients with cognitive impairment were followed up for two to three years by Benedictus et al., 16% of them developed cognitive impairment with progressive aggravation, which is related to the degree of white matter lesions (21) .Lin CJ et al. (22) found that, in patients with severe atherosclerotic stenosis, there are many types of damage to brain networkconnection structure and that the bilateral hemispheric long-distance nonhippocampal pathway has been damaged before the occurrence of cognitive dysfunction. This suggests that asymptomatic patients with severe carotid artery stenosis have had brain network connectivity destroyed at the subclinical stage.
Limitations
There are several limitations to our study. Firstly, the sample size is insufficient. Secondly, interventional therapy may produce new micro emboli or temporary hypoperfusion, but the benefits of t h e eventual opening of the vessels were sufficient to mask these risks .Lastly, our study was retrospective follow-up study. The retrospective design and the lack of randomization in grouping patients may bias our results.
Conclusions
Watershed infarcts have a definite relationship with low perfusion caused by atherosclerotic stenosis of the great arteries, especially the middle cerebral artery.
In endovascular intervention group, imaging confirmed that postoperative perfusion was improved, and their NIHSS and MOCA scores were increased and their mRS score was decreased, which indicated that the patients in endovascular intervention group had better outcomes. Additionally, we conclude that endovascular intervention is safe for patients with IWI due to severe stenosis of the middle The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.
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